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Abstract
We consider the minimal supersymmetric extension of the 3-3-1
model. We study the mass spectra of this model in the fermionic and
gauge bosons sectors without the antisextet. We also present some
phenomenological consequences of this model at colliders such as Large
Hadron Collider (LHC) and International Linear Collider(ILC).
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1 Introduction
The models based on the SU(3)C ⊗ SU(3)L ⊗ U(1)X (called 3-3-1 models)
[1, 2, 3] provide possible solutions to some puzzles of the Standard Model
(SM) such as the generation number problem, the electric charge quantization
[4]. Since one generation of quarks is treated differently from the others this
may lead to a natural explanation for the large mass of the top quark [5].
There is also a good candidate for SelfIinteracting Dark Matter (SIDM) since
there are two Higgs bosons, one scalar and one pseudoscalar, which have the
properties of candidates for dark matter like stability, neutrality and that it
must not overpopulate the universe [6], etc.
There are two main versions of the 3-3-1 models depending on the em-
bedding of the charge operator in the SU(3)L generators,
Q
e
=
1
2
(λ3 − ϑλ8) +N I, (1)
where the ϑ parameter defines two different representation contents, N de-
notes the U(1)N charge and λ3, λ8 are the diagonal generators of SU(3).
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In the minimal version, with ϑ =
√
3, the charge conjugation of the right-
handed charged lepton for each generation is combined with the usual SU(2)L
doublet left-handed leptons components to form an SU(3) triplet (ν, l, lc)L.
No extra leptons are needed in the mentioned model, and we shall call such
model as minimal 3-3-1 model. There are also another possibility where the
triplet (ν, l, Lc)L where L is an extra charged leptons wchich do not mix with
the known leptons [7]. We want to remind that there is no right-handed
(RH) neutrino in both model. There exists another interesting possibility,
where (ϑ = 1/
√
3) a left-handed anti-neutrino to each usual SU(2)L doublet
is added to form an SU(3) triplet (ν, l, νc)L, and this model is called the 3-3-1
model with RH neutrinos. The 3-3-1 models have been studied extensively
over the last decade.
The supersymmetric version of the 3-3-1 model minimal was done Refs. [8,
9] (MSUSY331) while the version with right-handed neutrinos [3] has al-
ready been constructed in Ref. [10, 11] (SUSY331RN), while the Super-
symmetric economical 3-3-1 model with RH has been presented recently
[12](SUSYECO331).
Recently we have already constructed all the spectrum from the scalar
sector from the MSUSY331 model [13]. All the results obtained on that
article are in agreement with the experimental limits. On this article we
want to present the results about the masses in the fermion’s sector and in
the gauge boson’s sector.
This paper is organized as follows. In Sec. 2 we review the minimal super-
symmetric 331 model while in Sec. 4 we show how we can define one R-parity
in our model such that the neutrino’s get their masses and keeping the pro-
ton’s safe. While in Sections (3) and (5) we present some phenomenological
consequences of this model to the colliders physics. While on Sec. (6) we
present the mass values of all the fermions and gauge bosons of this model.
Finally, the last section is devoted to our conclusions. In Appendix A we
present the Lagrangian of this model in terms of the fields.
2 Minimal Supersymmetric 3-3-1 model (MSUSY331).
On this Section, we present our model. We start to introduce the minimal
set of particle necessary to get the supersymmetric version of model given
at Ref. [7]. After the introduction of the particle content of our model we
put them in the superfields, see Sec.(2.2), and then we construct the full
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Lagrangian of our model in Sec.(2.3). Then we show the pattern of the
symmetry breaking of the model at Sec.(2.4).
2.1 Particle Content
In the nonsupersymmetric 3-3-1 model [2] the fermionic representation con-
tent is as follows: left-handed leptons LaL = (νa, la, l
c
a)L ∼ (1, 3, 0), a =
e, µ, τ ; left-handed quarks QαL = (dα, uα, jα)L ∼ (3, 3∗,−1/3) , α = 1, 2,
Q3L = (u3, d3, J)L ∼ (3, 3, 2/3); and in the right-handed components we
have the usual quarks uciL ∼ (3∗, 1,−2/3), dciL ∼ (33, 1, 1/3), i = 1, 2, 3,
and the exotic quarks jcαL ∼ (3∗, 1, 4/3), JcL ∼ (3∗, 1,−5/3), they have
charge −(4/3)e and (5/3)e respectivelly. The minimal scalar representa-
tion content is formed by three scalar triplets: η ∼ (1, 3, 0) = (η0, η−1 , η+2 )T ;
ρ ∼ (1, 3,+1) = (ρ+, ρ0, ρ++)T and χ ∼ (1, 3,−1) = (χ−, χ−−, χ0)T .
Now, we introduce the minimal set of particles in order to implement the
supersymmetry [14]. We have to introduce the sleptons the superpartners of
the leptons and the squarks related to the quarks, both are scalars. Therefore
in the supersymmetric version of this model [8, 9], the fermionic content is
the same as in the nonsupersymmetric 331 model and we have to add their
supersymmetric partners L˜aL, Q˜αL, Q˜3L, u˜
c
iL, d˜
c
iL, j˜
c
αL and J˜
c
L. We have also
to introduce the higgsinos the supersymmetric partner of the scalars of the
model and the minimal higgsinos are given by η˜, ρ˜ and χ˜. However, we have
to introduce, the followings extras scalars η′, ρ′, χ′ and their higgsinos η˜′, ρ˜′
and χ˜′, in order to to cancel chiral anomalies generated by η˜, ρ˜ and χ˜.
Concerning the gauge bosons and their superpartners the gauginos. We
denote the gluons by gb, the respective superparticles, the gluinos, are de-
noted by λbC , with b = 1, . . . , 8; and in the electroweak sector we have V
b,
the gauge boson of SU(3)L, and their gauginos λ
b
A; finally we have the gauge
boson of U(1)N , denoted by V
′, and its supersymmetric partner λB.
This is the minimal number of fields in the minimal supersymmetric ex-
tension of the 3-3-1 model of Refs. [8, 9]. Summaryzing, we have in the 3-3-1
supersymmetric model the following superfields: Lˆe,µ,τ , Qˆ1,2,3, ηˆ, ρˆ, χˆ; ηˆ
′, ρˆ′,
χˆ′; uˆc1,2,3, dˆ
c
1,2,3, Jˆ and jˆ1,2, i.e., 21 chiral superfields, and 17 vector superfields:
Vˆ a, Vˆ α and Vˆ ′. In the Minimal Supersymmetric Standard Model (MSSM)
[14, 15, 16, 17, 18, 19, 20, 21, 22] there are 14 chiral superfields and 12 vector
superfields.
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2.2 Superfields
The superfields formalism is useful in writing the Lagrangian which is mani-
festly invariant under the supersymmetric transformations [23] with fermions
and scalars put in chiral superfields while the gauge bosons in vector super-
fields. As usual the superfield of a field φ will be denoted by φˆ [14]. The
chiral superfield of a multiplet φ is denoted by [23]
φˆ ≡ φˆ(x, θ, θ¯) = φ˜(x) + i θσmθ¯ ∂mφ˜(x) + 1
4
θθ θ¯θ¯ ∂m∂mφ˜(x)
+
√
2 θφ(x) +
i√
2
θθ θ¯σ¯m∂mφ(x) + θθ Fφ(x), (2)
while the vector superfield is given by
Vˆ (x, θ, θ¯) = −θσmθ¯Vm(x) + iθθθ¯V˜ (x)− iθ¯θ¯θV˜ (x) + 1
2
θθθ¯θ¯D(x). (3)
The fields F and D are auxiliary fields which are needed to close the su-
persymmetric algebra and eventually will be eliminated using their motion
equations.
In the nonsupersymmetric 3-3-1 model to give arbitrary mass to the lep-
tons we have to introduce one scalar antisextet S ∼ (1, 6∗, 0).We can avoid
the introduction of the antisextet by adding a charged lepton transforming
as a singlet. Notwithstanding, here we will omit both the antisextet, we are
going to show in Sec.6 all the fermions and gauge bosons of the model get
their masses only with three triplets and three antitriplets in agreement with
[24].
2.3 The Lagrangian
On this subsection we will write only the lagrangian in the terms of superfields
of the model. The Lagrangian of the model has the following form
L331S = LSUSY + Lsoft, (4)
where LSUSY is the supersymmetric part and Lsoft the soft terms breaking
explicitly the supersymmetry.
The supersymmetric term can be divided as follows
LSUSY = LLepton + LQuarks + LGauge + LScalar, (5)
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The fermion’s lagrangian is given by
LLepton =
∫
d4θ
[
ˆ¯Lae
2gVˆ Lˆa
]
,
LQuarks =
∫
d4θ
{
ˆ¯Qαe
[
2gsVˆC+2g
ˆ¯V+g′(− 13)Vˆ ′
]
Qˆα +
ˆ¯Q3e
[2gsVˆC+2gVˆ+g′( 23)Vˆ ′]Qˆ3
+ ˆ¯u
c
ie
[
2gs
ˆ¯V C+g
′(− 23)Vˆ ′
]
uˆci +
ˆ¯d
c
ie
[
2gs
ˆ¯V C+g
′( 13)Vˆ ′
]
dˆci +
ˆ¯J
c
e
[
2gs
ˆ¯V C+g
′(− 53)Vˆ ′
]
Jˆc
+ ˆ¯j
c
αe
[
2gs
ˆ¯V C+g
′( 43)Vˆ ′
]
jˆcα
}
. (6)
where we have defined VˆC = T
bVˆ bC , Vˆ = T
bVˆ b; ˆ¯V C = T¯
bVˆ bC ,
ˆ¯V = T¯ bVˆ b;
T b = λb/2, T¯ b = −λ∗b/2 are the generators of triplet and antitriplets repre-
sentations, respectively, and λb are the Gell-Mann matrices.
In the gauge sector we have
Lgauge = 1
4
∫
d2θ Tr[WCWC ] + 1
4
∫
d2θ Tr[WLWL] + 1
4
∫
d2θW ′W ′
+
1
4
∫
d2θ¯ T r[W¯CW¯C ] + 1
4
∫
d2θ¯ T r[W¯LW¯L] + 1
4
∫
d2θ¯W¯ ′W¯ ′ ,
(7)
where WC , WL e W ′ are fields that can be written as follows [23]
WζC = − 1
8g
D¯D¯e−2gVˆCDζe2gsVˆC ,
WζL = − 1
8g
D¯D¯e−2gVˆDζe2gVˆ ,
W ′ζ = −
1
4
D¯D¯Dζ Vˆ
′, ζ = 1, 2. (8)
Finally, in the scalar sector we have
Lscalar =
∫
d4θ
[
ˆ¯ηe2gVˆ ηˆ + ˆ¯ρe(2gVˆ+g
′Vˆ ′)ρˆ+ ˆ¯χe(2gVˆ−g
′Vˆ ′)χˆ
+ ˆ¯η
′
e2g
ˆ¯V ηˆ′ + ˆ¯ρ′e
(
2g ˆ¯V−g′Vˆ ′
)
ρˆ′ + ˆ¯χ′e
(
2g ˆ¯V+g′Vˆ ′
)
χˆ′
]
+
∫
d2θW +
∫
d2θ¯W ,
(9)
here g and g′ are the gauge coupling constants of SU(3) and U(1) respectiv-
elly and W is the superpotential of the model.
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The superpotential of our model is given by
W =
W2 + W¯2
2
+
W3 + W¯3
3
, (10)
with W2 having only two chiral superfields while W3 has three chiral super-
fields. The terms allowed by our symmetry are
W2 = µ0aLˆaLηˆ
′ + µηηˆηˆ′ + µρρˆρˆ′ + µχχˆχˆ′,
W3 = λ1abcǫLˆaLLˆbLLˆcL + λ2abǫLˆaLLˆbLηˆ + λ3aǫLˆaLχˆρˆ+ f1ǫρˆχˆηˆ + f
′
1ǫρˆ
′χˆ′ηˆ′
+ κ1αiQˆαLρˆuˆ
c
iL + κ2αiQˆαLηˆdˆ
c
iL + κ3αβQˆαLχˆjˆ
c
βL
+ κ4αaiQˆαLLˆaLdˆ
c
iL + κ5iQˆ3Lηˆ
′uˆciL + κ6iQˆ3Lρˆ
′dˆciL + κ7Qˆ3Lχˆ
′JˆcL
+ ξ1ijkdˆ
c
iLdˆ
c
jLuˆ
c
kL + ξ2ijβuˆ
c
iLuˆ
c
jLjˆ
c
βL + ξ3iβdˆ
c
iLJˆ
c
Ljˆ
c
βL. (11)
The coefficients µ0, µη, µρ and µχ have mass dimension, while all the coeffi-
cients in W3 are dimensionless [21, 22]. To see the lagrangian of this model
in terms of the fields see Appendix A.
The most general soft supersymmetry breaking terms, which do not in-
duce quadratic divergence, where described by Girardello and Grisaru [25].
They found that the allowed terms can be categorized as follows:
• scalar mass term
LSMT = −m2A†A, (12)
• gaugino mass term
LGMT = −1
2
(Mλλ
aλa +H.c) (13)
• scalar interaction terms
Lint = mijAiAj + fijkǫijkAiAjAk +H.c. (14)
The terms on this case are similar with the terms allowed in the superpoten-
tial of the model we are considering, see Eq.(11).
They, also, must be consistent with the 3-3-1 gauge symmetry. These soft
terms are given by
Lsoft = LGMT + Lsoftscalar + LSMT , (15)
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where
LGMT = −1
2
[
mλC
8∑
a=1
(λaCλ
a
C) +mλ
8∑
a=1
(λaAλ
a
A) +m
′λBλB +H.c.
]
, (16)
due this term the gauginos get theis masses at scale where SUSY is broken
while their superpartners the gauge bosons are massless, for more detail
about symmetry breaking inthis model see Sec.(2.4). The second term give
masses to the higgsinos is written as
LSMT = −m2ηη†η −m2ρρ†ρ−m2χχ†χ−m2η′η′†η′ −m2ρ′ρ′†ρ′ −m2χ′χ′†χ′
− m2LL˜†aLL˜aL −m2QαQ˜†αLQ˜αL −m2Q3Q˜†3LQ˜3L −m2ui u˜c†iLu˜ciL −m2di d˜c†iLd˜ciL −m2J J˜c†L J˜cL
− m2jβ j˜c†βLj˜cβL + [k1ǫρχη + k′1ǫρ′χ′η′ +H.c.], (17)
while the last term is given by
Lint =
[
−M2a L˜aLη† + ε0abcǫL˜aLL˜bLL˜cL + ε1abǫL˜aLL˜bLη + ε2aǫL˜aLχρ
+ Q˜αL
(
ω1αiηd˜
c
iL + ω2αiρu˜
c
iL + ω3αajL˜aLd˜
c
jL + ω4αβχj˜
c
βL
)
+ Q˜3L(ζ1iη
′u˜ciL + ζ2iρ
′d˜ciL + ζ3Jχ
′J˜cL) + ς1ijkd˜
c
iLd˜
c
jLu˜
c
kL + ς2iβd˜
c
iLJ˜
c
Lj˜
c
βL
+ ς3ijβu˜
c
iLu˜
c
jLj˜
c
βL +H.c.
]
. (18)
2.4 Breake structure fromMSUSY331 to SU(3)C⊗U(1)Q
The pattern of the symmetry breaking of the model is given by the following
scheme(using the notation given at [2])
MSUSY331
Lsoft7−→ SU(3)C ⊗ SU(3)L ⊗U(1)N
〈χ〉〈χ′〉7−→ SU(3)C ⊗ SU(2)L ⊗U(1)Y
〈ρ,η,ρ′η′〉7−→ SU(3)C ⊗ U(1)Q (19)
When one breaks the 3-3-1 symmetry to the SU(3)C⊗U(1)Q, the scalars
get the following vacuum expectation values (VEVs):
< η > =
 v0
0
 , < ρ >=
 0u
0
 , < χ >=
 00
w
 ,
< η′ > =
 v
′
0
0
 , < ρ′ >=
 0u′
0
 , < χ′ >=
 00
w′
 , (20)
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where v = vη/
√
2, u = vρ/
√
2, w = vχ/
√
2, v′ = vη′/
√
2, u′ = vρ′/
√
2
and w′ = vχ′/
√
2. From this pattern of the symmetry breaking comes the
following constraint [9]
V 2η + V
2
ρ = (246 GeV)
2 (21)
coming from MW , where, we have defined V
2
η = v
2
η + v
′2
η and V
2
ρ = v
2
ρ + v
′2
ρ .
Therefore the VEV’s of our model satisfy the conditions:
w,w′ ≫ v, v′, u, u′. (22)
3 Phenomenological Consequences in the lep-
ton’s and quark’s sectors.
In the usual 3-3-1 model [2] the gauge bosons are defined as
W±m(x) = −
1√
2
(V 1m(x)∓ iV 2m(x)), V ±m (x) = −
1√
2
(V 4m(x)± iV 5m(x)),
U±±m (x) = −
1√
2
(V 6m(x)± iV 7m(x)), Am(x) =
1√
1 + 4t2
[
(V 3m(x)−
√
3V 8m(x))t + Vm
]
,
Z0m(x) = −
1√
1 + 4t2
[√
1 + 3t2V 3m(x) +
√
3t2√
1 + 3t2
V 8m(x)−
t√
1 + 3t2
Vm(x)
]
,
Z ′0m(x) =
1√
1 + 3t2
(V 8m(x) +
√
3tVm(x)), (23)
where t ≡ tan θ = g′
g
and g′ and g are the gauge coupling constants of U(1)
and SU(3), respectively.
The bosons U−− and V − are called bileptons because they couple to two
leptons; thus they have two units of lepton number, it means L = 2. Here L
is the total lepton number, give by L = Le + Lµ + Lτ . This model does not
conserve separate family lepton number, Le, Lµ and Lτ but only the total
lepton number L is conserved.
We can define the charged gauginos, in analogy with the gauge bosons in
the MSSM, in the following way [9]
λ±W (x) = −
1√
2
(λ1A(x)∓ iλ2A(x)), λ±V (x) = −
1√
2
(λ4A(x)± iλ5A(x)),
λ±±U (x) = −
1√
2
(λ6A(x)± iλ7A(x)). (24)
8
The charged current interactions for the fermions, came from LllV (first
equation at Eq.(120)) and from LqqV (first equation at Eq.(121)) we can
rewrite them in the following way
LCCl = −
g√
2
∑
l
(
ν¯lLγ
mlLW
+
m + l¯
c
Lγ
mνlLV
+
m + l¯
c
Lγ
mlLU
++
m + h.c.
)
,
LCCq = −
g
2
√
2
[
Uγm(1− γ5)VCKMDW+m + Uγm(1− γ5)ζJVm +Dγm(1− γ5)ξJUm
]
+ H. c.,
(25)
where we have defined the mass eigenstates in the following way
U =
 uc
t
 , D =
 ds
b
 , Vm =
 V
+
m
U−−m
U−−m
 ,
Um =
 U
−−
m
V +m
V +m
 , (26)
and J = diag
(
J1 J2 J3
)
. The VCKM is the usual Cabibbo-Kobayashi-
Maskawa mixing matrix and ξ and ζ are mixing matrices containing new
unknown mixing parameters due to the presence of the exotic quarks.
We can calculate the Higgs couplings to the usual leptons on this model
is given by LllH, see Eq.(128) at Appendix A, we get the following lagrangian
[2]
LllH = λ2ab
3
(−l¯aRlbLη0 + l¯aRνbLη−1 + ν¯caRlaLη+2 +H.c.), (27)
the coupling LqqH is the same as get in [2] on their Eq.(13). On this model
the same flavor leptons they don’t couple with the neutral Higgs, therefore
our lighest Higgs doesn’t couples with two electrons 1 and of course it can
decay in the following way H01 → e±µ∓, and their coupling is λ2eµ = 10−3,
see [24], due this fact our light Higgs with mH01 = 110, 5GeV was not detected
[13] by the experiment Large Electron Positron (LEP).
1I would like to thanks E. Gregores that call my attention to this dangeours Higgs
decay channel.
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We have already showed that in the Møller scattering and in muon-muon
scattering we can show that left-right asymmetries ARL(ll) are very sensitive
to a doubly charged vector bilepton resonance but they are insensitive to
scalar ones [26, 27, 28].
Similarly, we have the neutral currents coupled to both Z0 and Z ′0 massive
vector bosons, according to the Lagrangian
LNCν = −
g
2
MZ
MW
ν¯lLγ
mνlL
Zm − 1√
3
1√
h(t)
Z ′m
 , (28)
with h(t) = 1 + 4t2, for neutrinos and
LNCl = −
g
4
MZ
MW
[
l¯γm(vl + alγ
5)lZm + l¯γ
m(v′l + a
′
lγ
5)lZ ′m
]
, (29)
for the charged leptons, where we have defined
vl = −1/h(t), al = 1,
v′l = −
√
3/h(t), a′l = v
′
l/3.
We can use muon collider to discover the new neutral Z ′0 boson using the
reaction µe → µe it was shown at [27, 29] that ARL(µe) asymmetry is con-
siderably enhanced.
The Lagrangian interaction among quarks and the Z0 is
LZQ = −g
4
MZ
MW
∑
i
[
Ψ¯iγ
m(vi + aiγ5)Ψi
]
Zm, (30)
where i = u, c, t, d, s, b, J1, J2, J3; with
vU = (3 + 4t2)/3h(t), aU = −1,
vD = −(3 + 8t2)/3h(t), aD = 1,
vJ1 = −20t2/3h(t), aJ1 = 0,
vJ2 = vJ3 = 16t2/3h(t), aJ2 = aJ3 = 0,
U , and D mean the charge +2/3 and −1/3 respectively, the same for J1,2,3.
There is also the usual QCD Lagrangian given by
LQCDq = = gsGµq¯γµq , (31)
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the lagrangians presented at Eqs.(25,28,29,30,31) are the same as appear in
the 331 model [2]. In those lagrangians appear a lot of interestings phe-
nomenologiacal studies presented at [30].
We can, also, study the following process resulting in at least three leptons
coming from pp collision, throught the following reactions 2
g + d → U−− + J, g + u→ U++ + jα,
d+ d¯ → U++U−−, d+ u¯→ U−− + V +. (32)
For example the first process has the following Feynmann diagrams drawing
in Figs. (1,2). Similar diagrams can be drawn to the process g+u→ U+++jα
(change d→ u and J → j).
As first results, in Fig.3 we present the differencial cross section, get
from the program COMPHEP [31], to the process gd → JU−− as function
of cos(p1, p3). We have also calculated the cross section to these process
as function of MU and MJ and our results are shown in Figs.4 (left) and
Figs.4 (right) respectively. In Figs. 5 left(right) we present the results on
forward-baskward asymmetry as function of MU(MJ) respectivelly. Similar
results can also be get to the process g + u→ U++ + jα.
g
d
d
U−−
J
Figure 1: gd→ U−−J exchanging quark-d.
From Eq.(31), the new gauge bosons can decay in the followings channels
U−− → (J¯d, u¯jβ, l−l−) and V − → (J¯u, d¯jβ , l−ν). These decays modes are
shown in Fig. 6.
The heavy quarks J , j1 and j2 can decay to the light quark via V
∗/U∗
emission to produce bilepton final states with a specific decay signature, see
2I would like to thanks to Alexander Belyaev that call my attention to the first process.
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U−−d
J
Jg
Figure 2: gd→ U−−J exchanging quark-J .
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Figure 3: Differential Cross Section gd→ JU−−.
Fig. 7. Analasing these decays mode, we conclude that the J quark will
decay in l+l+d or l+νu without any restrictions coming from the bosons
gauge masses, because these particles are virtual on this decay. While the j
quark can decay in l−νd and l−l−u¯.
By another hand, the U decay will depend ofMU , MJ andMjβ . in Tab. 1
we shown all possibles possibilities.
The width of the U boson is drawing in the Fig. 8 (left) as function of its
mass. In Fig. 8 (center) we draw ΓU versus MJ , while in Fig. 8 (right) we
plot ΓU versus Mj .
Again we divided the signals for the process gd→ lllX in four regions.
We also present the width of the V boson versus its mass in Fig. 9 (left)
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Figure 4: Total Cross Section gd → JU−− as function of MU (left) and
MJ (right).
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Figure 5: Asymmetry gd→ JU−− as function of MU (left) and MJ (right).
as function of its mass. In Fig. 9 (center) ΓV versus MJ is shown, while in
Fig. 8 (right) we plot ΓV versus Mj .
Of course this process must be better studied as the others three processes
listed at Eq.(32). These particles can be detected at Large Hadron Collider
(LHC) if they really exist in nature.
There are background come mainly from the SM and from MSSM [21, 22].
The background from the SM comes from the W ⋆Z⋆, W ⋆γ⋆,Z⋆Z⋆ and q¯q.
Where in the SM we have the following decays for the gauge bosons W− →
l−νl, Z0 → l+l− and γ → l+l−.
The W ⋆Z⋆ and W ⋆γ⋆ background are known to be the major source of
background come from the SM for the three lepton channjel. The second
largest background font to three leptons channel is from qq¯ events. Finally,
the remaining three leptons background which should worry about is the
Z⋆Z⋆ jet production.
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U−−
J¯ , u¯, l−
d, jβ, l
−
V −
J¯ , d¯, l−
u, jβ, ν
Figure 6: U and V decay in two particles
J
u, d
V +, U++
j
d, u
V −, U−−
Figure 7: J and j decay in ordinary quarks and bileptons that will decay too.
In the MSSM the charginos, neutralinos, gluinos and squarks pair pro-
duction leads to a trilepton signature too. The trilepton final states that
could arise from the decay of charginos χ˜±1 and neutralinos χ˜2. For the re-
action q¯q → χ˜±1 χ˜02, where χ˜±1 → χ˜01l±νl and χ˜02 → χ˜01l+l−, and χ˜01 is the
LSP. The νl and two LSPs do not interact and manifest themselves as miss-
ing energy. The resulting final states is three isolated charged leptons plus
missing energy. While the squarks q˜ and the gluinos g˜ have the following
interactions ¯˜qq˜, q˜g˜ and g˜g˜ and the decays of squarks and gluinos are q˜ → qχ˜01
and g˜ → q¯qχ˜01 [20, 21, 22].
To finish this analyses from interactions of gauge bosons, we can study
Ldc given at Eq.(125) at Appendix A. From this lagrangian we can derive
Case number Mass relation decay mode
1 MU > MJ , MU > Mj J¯d, u¯d, l
−l−
2 MU < MJ , MU > Mj J¯d, l
−l−
3 MU > MJ , MU < Mj u¯d, l
−l−
4 MU < MJ , MU < Mj l
−l−
Table 1: All possibles decays to the U boson.
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l+l+d l−l−d¯d︸ ︷︷ ︸ l+ν¯u l−l−d¯d︸ ︷︷ ︸
l+l+d l−νu¯d︸ ︷︷ ︸ l+ν¯u l−νu¯d︸ ︷︷ ︸
l+l+d l−l−u¯u︸ ︷︷ ︸ l+ν¯u l−l−u¯u︸ ︷︷ ︸
l+l+d l−l−︸ ︷︷ ︸ l+ν¯u l−l−︸ ︷︷ ︸
Table 2: States coming from JU−− decay.
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Figure 8: U decay width as function of MU (left), MJ(center) and Mj(right)
the following Feynman rules given the trilinear and quartic coupling. On this
case we get the same results presented [32, 33], given at Tab(3). Here the
following notations were used
Sµν,αβ ≡ gµαgνβ + gµβgνα − 2gµνgαβ,
Vµναβ ≡ gµνgαβ − gµαgνβ,
Uµβνα ≡ gµβgνα − gµαgνβ. (33)
4 R-Parity
The R-symmetry was introduced in 1975 by A. Salam and J. Strathdee [34]
and in an independent way by P. Fayet [15] to avoid the interactions that
violate either lepton number or baryon number. There is very nice review
about this subject in Refs.[35, 36]. More precisely, R-parity (which keeps
particles invariant, and changes the sign of sparticles) can be written as
R = (−1)3(B−L)+2S (34)
where S is the spin of the particle.
We said above that only the total lepton number, L, remains a global
quantum number (or equivalently we can define F = B + L as the global
conserved quantum number where B is the baryonic number [7]). However,
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Figure 9: V decay width as function of MU (left), MJ(center) and Mj(right)
if we assume the global U(1)F symmetry, it allows us to introduce the R-
conserving symmetry, defined as R = (−1)3F+2S. The F number attribution
is
F(U−−) = F(V −) = −F(J1) = F(J2,3) = F(ρ−−)
= F(χ−−) = F(χ−) = F(η−2 ) = 2, (35)
with F = 0 for the other Higgs scalar, while for leptons and the known
quarks F coincides with the total lepton and baryon numbers, respectively.
Choosing the following R-charges
nη = nρ′ = −1, nρ = nη′ = 1, nχ = nχ′ = 0,
nL = nQi = ndi = 1/2, nJi = −1/2, nu = −3/2, (36)
it is easy to see that all the fields η, η′, χ, χ′, ρ, ρ′, L, Qi, u, d and Ji have
R-charge equal to one, while their superpartners have opposite R-charge
similar to that in the MSSM. The terms which satisfy the defined above
symmetry (36) the term allowed by this R-charges in our superpotential,
given at Eq.(11), are given by
W = µηηˆηˆ
′ + µρρˆρˆ′ + µχχˆχˆ′ + λ2abǫLˆaLLˆbLηˆ + f1ǫρˆχˆηˆ + f ′1ǫρˆ
′χˆ′ηˆ′
+ κ1αiQˆαLρˆuˆ
c
iL + κ2αiQˆαLηˆdˆ
c
iL + κ3αβQˆαLχˆjˆ
c
βL + κ4αaiQˆαLLˆaLdˆ
c
iL + κ5iQˆ3Lηˆ
′uˆciL
+ κ6iQˆ3Lρˆ
′dˆciL + κ7Qˆ3Lχˆ
′JˆcL. (37)
In this case only the quarks get masses. However not all of the leptons get
mass. This is because the Yukawa coupling λ2ab is only non-zero when it
is antisymmetric in the generation indices (a, b). In the usual 331 model to
generate the charged lepton masses we introduce an antisextet, as we don’t
introduce this scalar in our model the charged leptons are massless in this
case. The neutrinos are also massless.
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However, if we want to allow neutrinos to get their masses and at the same
time avoid the fast nucleon decay we can choose the following R-charges
nL = nη = nη′ = nρ = nρ′ = −nχ = nχ′ = 0,
nQi = 1, nu = ndi = nJi = −1. (38)
In this case, the terms allow in our superpotential are
W = µ0aLˆaLηˆ
′ + µηηˆηˆ′ + µρρˆρˆ′ + µχχˆχˆ′ + λ1abcǫLˆaLLˆbLLˆcL + λ2abǫLˆaLLˆbLηˆ
+ λ3aǫLˆaLχˆρˆ+ f1ǫρˆχˆηˆ + f
′
1ǫρˆ
′χˆ′ηˆ′ + κ1αiQˆαLρˆuˆciL + κ2αiQˆαLηˆdˆ
c
iL
+ κ3αβQˆαLχˆjˆ
c
βL + κ4αaiQˆαLLˆaLdˆ
c
iL + κ5iQˆ3Lηˆ
′uˆciL + κ6iQˆ3Lρˆ
′dˆciL
+ κ7Qˆ3Lχˆ
′JˆcL. (39)
In our superpotential, we can generate mass to neutrinos, as we will show
in the next section, and we get that the nucleon is stable at tree-level [41].
However it is not enough to forbid the dangerous processes of nucleon decay
but also forbid the neutron-antineutron oscillation, see Refs. [21, 22, 35, 36,
37].
The last term in this superpotential induce the following nice process[21,
22, 35]
1. Double Beta Decay without Neutrinos
2. New contributions to the Neutrals KK¯ and also BB¯ Systems;
3. An additional contribution to the muon decay;
4. Charged Current Universality in π and τ decays;
5. Charged Current Universality in the Quark Sector;
6. Leptonic Decays of Heavy Quarks Hadrons such as D+ → K0l+i νi;
7. Rare Leptonic Decays of Mesons like K+ → π+νν¯,
8. Hadronic B Meson Decay Asymmetries.
it also give the following direct decays of the lightest neutralinos
χ˜01 → l+i u¯jdk, χ˜01 → l−i ujd¯k,
χ˜01 → ν¯id¯jdk, χ˜01 → νidjd¯k, (40)
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and for lightest charginos
χ˜+1 → l+i d¯jdk, χ˜+1 → l+i u¯juk,
χ˜+1 → ν¯id¯juk, χ˜+1 → νiujd¯k. (41)
These very nice aspects also happen in SUSY331RN and in SUSYECO331
models [38].
5 Chargino and Neutralino Production
However, on this model we have doubly charged vector bosons and scalars,
respectivelly. This means that in some supersymmetric extensions of these
kind of models we will have double charged charginos [9, 39, 40]. On this
model the charginos can decay in the following way
χ˜++ → l˜+l+,
χ˜+ → ν˜l+,
χ˜0 → ν˜ν. (42)
Take this information into account we can say that
e−e− → χ˜++χ˜0 → leptons + mixing energy. (43)
Again another interesting signal that can be measured at the International
Linear Collider (ILC).
In a previous work [9, 39, 40] we have have calculated the total cross
section to the reactions
e−e− → χ˜−χ˜−,
e−e− → χ˜−−χ˜0, (44)
we know that the ILC will start to run with
√
s = 0, 5TeV and therefore this
detector can detect them if they really exist in nature.
Naturally these particles can also be detected at LHC through the pro-
cesses
pp → χ˜+χ˜+,
pp → χ˜++χ˜0, (45)
and on this case we thinks it will be intersting to study these process to the
LHC.
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6 Mass spectrum
Here in this article, we want to present the mass spectrum of the Minimal
Supersymmetric 3-3-1 model. We will present first the results in the fermion’s
sector, then in the boson’s sector.
6.1 Leptons masses
In a previous work we have shown that, in the MSUSY331, we don’t need to
use the antisextet to generate the masses to the leptons.
Let us first considered the charged lepton masses. Denoting
φ+ = (ec, µc, τ c,−iλ+W ,−iλ+V , η˜′+1 , η˜+2 , ρ˜+, χ˜′+)T ,
φ− = (e, µ, τ,−iλ−W ,−iλ−V , η˜−1 , η˜′−2 , ρ˜′−, χ˜−)T , (46)
where all the fermionic fields are still Weyl spinors, we can also, as before,
define Ψ± = (φ+φ−)T , and the mass term −(1/2)[Ψ±TY ±Ψ± +H.c.] where
Y ± is given by:
Y ± =
(
0 XT
X 0
)
, (47)
with
X =

0 −λ2eµ
3
v −λ2eτ
3
v 0 0 −µ0e
2
0 −λ3e
3
w 0
λ2eµ
3
v 0 −λ2µτ
3
v 0 0 −µ0µ
2
0 −λ3µ
3
w 0
λ2eτ
3
v λ2µτ
3
v 0 0 0 −µ0τ
2
0 −λ3τ
3
w 0
0 0 0 mλ 0 −gv′ 0 gu 0
0 0 0 0 mλ 0 gv 0 −gw′
0 0 0 gv 0 −µη
2
0 f1w
3
0
−µ0e
2
−µ0µ
2
−µ0τ
2
0 −gv′ 0 −µη
2
0 −f ′1u′
3
0 0 0 −gu′ 0 f ′1w′
3
0 −µρ
2
0
−λ3e
3
u −λ3µ
3
u −λ3τ
3
u 0 gw 0 −f1u
3
0 −µχ
2

,
(48)
where we have defined v, v′, u, u′, w and w′ at Eq.(20).
The chargino mass matrix Y ± is diagonalized using two unitary matrices,
D and E, defined by
χ˜+i = DijΨ
+
j , χ˜
−
i = EijΨ
−
j , i, j = 1, · · · , 9, (49)
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(D and E sometimes are denoted, in non-supersymmetric theories, by U lR
and U lL, respectively). Then we can write the diagonal mass matrix as
MSCM = E
∗XD−1. (50)
To determine E and D, we note that
M2SCM = DX
T ·XD−1 = E∗X ·XT (E∗)−1, (51)
and define the following Dirac spinors:
Ψ(χ˜+i ) =
(
χ˜+i ¯˜χ
−
i
)T
, Ψc(χ˜−i ) =
(
χ˜−i ¯˜χ
+
i
)T
, (52)
where χ˜+i is the particle and χ˜
−
i is the anti-particle.
We have obtained the following masses (in GeV) for the charged sector:
mχ˜±9
= 3186.05, mχ˜±8
= 3001.12, mχ˜±7
= 584.85,
mχ˜±6
= 282.30, mχ˜±5
= 204.55, mχ˜±4
= 149.41, (53)
and the masses for the usual leptons (in GeV) me = 0, mµ = 0.1052 and
mτ = 1.777.
From the first processes given at Eqs.(44,45) we can detect at ILC or
LHC several charginos (since χ˜±1 until at least χ˜
±
7 ) of this model.
These values have been obtained by using the following values for the
dimensionless parameters
λ2eµ = 0.001, λ2eτ = 0.001, λ2µτ = 0.393,
λ3e = 0.0001, λ3µ = 1.0, λ3τ = 1.0, (54)
f1 = 0.254, f
′
1 = 1.0, (55)
and for the mass dimension parameters (in GeV) we have used:
µ0e = µ0µ = 0.0, µ0τ = 10
−6, (56)
µη = 300, µρ = 500, µχ = 700, mλ = 3000. (57)
We also use the constraint V 2η + V
2
ρ = (246 GeV)
2 coming from MW , where,
we have defined V 2η = v
2
η + v
′2
η and V
2
ρ = v
2
ρ + v
′2
ρ . Assuming that
vη = 20GeV, v
′
η = v
′
ρ = 1GeV , and 2vχ = v
′
χ = 2TeV , (58)
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the value of vρ is fixed by the constraint above.
Notice, from Eq. (53), that the electron is massless at the tree level. This
is a result of the structure of the mass matrix in Eq. (48) and there is not
a symmetry that protects the electron to get a mass by loop corrections.
We obtain that the dominant contribution to the electron mass is, up to
logarithmic corrections,
me ∝ λ′αeiλ′α′ejV 2j V 2b (v2χ + v2χ′)
mjα
9m2
b˜
, (59)
and with all the indices fixed, Vj denotes mixing matrix elements in the two
dimension j1,2 space, Vb means the same but in the d-like squark sector. We
obtain me = 0.0005 GeV if vχ and v
′
χ have the values already giving above.
6.2 Neutralinos
Like in the case of the charged sector, the neutral lepton masses are given by
the mixing among neutrinos, gauginos and higgsinos. The mass term in the
basis
Ψ0 =
(
νeνµντ − iλ3A − iλ8A − iλB η˜0η˜′0ρ˜0ρ˜′0χ˜0χ˜′0
)T
, (60)
is given by −(1/2)[(Ψ0)T Y 0Ψ0 +H.c.] where
Y
0
=

0 0 0 0 0 0 0 −
µ0e
2
λ3e
3
w 0
λ3e
3
u 0
0 0 0 0 0 0 0 −
µ0µ
2
λ3µ
3
w 0
λ3µ
3
u 0
0 0 0 0 0 0 0 −
µ0τ
2
λ3τ
3
w 0
λ3τ
3
u 0
0 0 0 mλ 0 0
gv√
2
−
gv′√
2
−
gu√
2
gu′√
2
0 0
0 0 0 0 mλ 0
gv√
6
−
gv′√
6
gu√
6
−
gu′√
6
−
2√
6
gw 2√
6
gw′
0 0 0 0 0 m′ 0 0 g
′u√
2
−
g′u′√
2
−
g′w√
2
g′w′√
2
0 0 0
gv√
2
gv√
6
0 0 −
µη
2
−
f1w
3
0
f1u
3
0
−
µ0e
2
−
µ0µ
2
−
µ0τ
2
−
gv′√
2
−
gv′√
6
0 −
µη
2
0 0 −
f′
1
w′
3
0
f′
1
u′
3
λ3e
3
w
λ3µ
3
w
λ3τ
3
w −
gu√
2
gu√
6
g′u√
2
−
f1w
3
0 0 −
µρ
2
−
f1v
3
0
0 0 0
gu′√
2
−
gu′√
6
−
g′u′√
2
0 −
f′
1
w′
3
−
µρ
2
0 0 −
f′
1
v′
3
λ3e
3
u
λ3µ
3
u
λ3τ
3
u 0 − 2√
6
gw −
g′w√
2
f1u
3
0 −
f1v
3
0 0 −
µχ
2
0 0 0 0 2√
6
gw′ g
′w′√
2
0
f′
1
u′
3
0 −
f′
1
v′
3
−
µχ
2
0

.
(61)
All parameters in Eq. (61), but m′, are defined in Eqs. (20), (54) and (57); g
and g′ denote the gauge coupling constant of SU(3)L and U(1)N , respectively.
The neutralino mass matrix is diagonalized by a 12× 12 rotation unitary
matrix N , satisfying
MNMD = N
∗Y 0N−1, (62)
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and the mass eigenstates are
χ˜0i = NijΨ
0
j , j = 1, · · · , 12. (63)
We can define the following Majorana spinor to represent the mass eigen-
states
Ψ(χ˜0i ) =
(
χ˜0i ¯˜χ
0
i
)T
. (64)
As above the subindices a, b, c run over the lepton generations e, µ, τ .
With the mass matrix in Eq. (61), at the tree level we obtain the eigen-
values (in GeV),
mχ˜012 = −4162.22, mχ˜011 = 3260.48, mχ˜010 = 3001.11,
mχ˜09 = 585.19, mχ˜08 = −585.19, mχ˜07 = 453.22,
mχ˜06 = −344.14, mχ˜05 = 283.14, mχ˜04 = −272.0,
(65)
and for the three neutrinos we obtain (in eV)
mχ˜01 = 0, mχ˜02 ≈ −0.01, mχ˜03 ≈ 1.44. (66)
We have got the values in Eqs. (65) and (66) by choosing, besides the param-
eters in Eqs. (54) and (57), m′ = −3780.4159 GeV. Notice that the coupling
constant g′ and the parameter m′ appear only in the mass matrix of the neu-
tralinos, all the other parameters in Eq. (61) have already been fixed by the
charged sector, see Eq. (48), (54) and (57). The neutrino masses in Eq. (66)
are of the order of magnitude for LSND and solar neutrino data.
6.3 Double Charged Charginos
Introducing the notation
ψ++ =
(
−iλ++U ρ˜++ χ˜′++
)t
, ψ−− =
(
−iλ−−U ρ˜′−− χ˜−−
)t
,
and
Ψ±± =
(
ψ++ ψ−−
)t
, (67)
we can write the following equation [9]
Ldoublemass = −
1
2
(
Ψ±±
)t
Y ±±Ψ±± + hc, (68)
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where
Y ±± =
(
0 T t
T 0
)
, (69)
with
T =

−mλ −gu gw′ gz√2 −gz
′√
2
gu′ µρ
2
−
(
f ′1v
′
3
−√2f ′3
3
z′
)
0
f ′3
3
w′
−gw −
(
f1v
3
−√2 f3
3
z
)
µχ
2
f3
3
u 0
−gz′√
2
0
f ′3
3
u′ µS
2
0
gz√
2
f3
3
w 0 0 µS
2

. (70)
The matrix Y ±± in Eq.(69) satisfy the following relation
det(Y ±± − λI) = det
[( −λ T t
T −λ
)]
= det(λ2 − T t · T ), (71)
so we only have to calculate T t · T to obtain the eigenvalues. Since T t · T
is a symmetric matrix, λ2 must be real, and positive because Y ±± is also
symmetric.
The double chargino mass matrix is diagonalized using two rotation ma-
trices, A and B, defined by
χ˜++i = AijΨ
++
j , χ˜
−−
i = BijΨ
−−
j , i, j = 1, · · · , 5. (72)
where A and B are unitary matrices such that
MDCC = B
∗TA−1, (73)
the matrix T is defined in Eq.(70). To determine A and B, we note that
M2DCC = AT
t · TA−1 = B∗T · T t(B∗)−1, (74)
which means that A diagonalizes T t ·T while B diagonalizes T ·T t. It means
diag(mχ˜±±) ≡ [B∗TA−1]ij = mχ˜±±
i
δij . (75)
Performing the diagonalization we get the following numerical results in
GeV
mχ˜±±1
= 194.4, mχ˜±±2
= 343.3, mχ˜±±3
= 452.2, mχ˜±±4
= 652.1, mχ˜±±5
= 3187.
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Using this equation togheter Eqs(65,66) and considerating the second
processes given at Eqs.(44,45) we can detect at ILC or LHC several double
charginos (since χ˜±±1 until at least χ˜
±±
4 ) and neutralinos (since χ˜
0
1 until at
least χ˜09) of this model.
We define the following Dirac spinors to represent the mass eigenstates:
Ψ(χ˜++i ) =
(
χ˜++i ¯˜χ
−−
i
)t
, Ψc(χ˜−−i ) =
(
χ˜−−i ¯˜χ
++
i
)t
, (76)
where χ˜++i is the particle and χ˜
−−
i is the anti-particle, (we are using the same
notation as in [14]).
6.4 Quarks masses
Let us first considered the u-quarks type.There are interactions like
−
[
κ1i
3
(
Q3η
′uci + Q¯3η
′u¯ci
)
+
κ5αi
3
(
Qαρu
c
i + Q¯αρu¯
c
i
)]
, (77)
which imply a general mixing in the u-quark sector. Denoting
ψ+u =
(
u1 u2 u3
)T
, ψ−u =
(
uc1 u
c
2 u
c
3
)T
, (78)
where all the u-quarks fields are still Weyl spinors, we can also, define
Ψ±u = (ψ
+
u ψ
−
u )
T . We can define the mass term −(1/2)[Ψ±Tu Y ±u Ψ±u + H.c.]
where Y ±u is given by:
Y ±u =
(
0 XTu
Xu 0
)
, (79)
with
Xu =
1
3
 κ511u κ521u κ11v
′
κ512u κ522u κ12v
′
κ513u κ523u κ13v
′
 , (80)
where the VEVs are defined in Eq.(20)
The u-quarks mass matrix Y ±u is diagonalized using two rotation matrices,
D and E, defined by
u+i = Dijψ
+
uj , u
−
i = Eijψ
−
uj , i, j = 1, 2, 3. (81)
Then we can write the diagonal matrix (D and E are unitary) as
Mu = E
∗XuD−1. (82)
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To determine D and E, we note that
M2u = DX
T
uXuD
−1 = E∗XuXTu (E
∗)−1, (83)
and define the following Dirac spinors
Ψ(u+) =
(
u+ u¯−
)T
, Ψc(u−) =
(
u− u¯+
)T
. (84)
To the d-quark type.There are interactions like
−
[
κ2i
3
(
Q3ρ
′dci + Q¯3ρ
′d¯ci
)
+
κ4αi
3
(
Qαηd
c
i + Q¯αηd¯
c
i
)]
, (85)
which imply a general mixing in the d-quark sector. Denoting
ψ+d =
(
dc1 d
c
2 d
c
3
)T
, ψ−d =
(
d1 d2 d3
)T
, (86)
where all the d-quarks fields are still Weyl spinors, we can also, define
Ψ±d = (ψ
+
d ψ
−
d )
T . We can define the mass term −(1/2)[Ψ±Td Y ±d Ψ±d + H.c.]
where Y ±d is given by:
Y ±d =
(
0 XTd
Xd 0
)
, (87)
with
Xd =
1
3
 κ411v κ412v κ413vκ421v κ422v κ423v
κ21u
′ κ22u′ κ23u′
 , (88)
where all the VEVs are defined in Eq.(20)
The d-quarks mass matrix Y ±d is diagonalized using two rotation matrices,
F and G, defined by
d+i = Fijψ
+
dj , d
−
i = Gijψ
−
uj, i, j = 1, 2, 3. (89)
Then we can write the diagonal matrix (F and G are unitary) as
Md = G
∗XdF
−1. (90)
To determine F and G, we note that
M2d = FX
T
d XdF
−1 = G∗XdX
T
d (G
∗)−1, (91)
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and define the following Dirac spinors
Ψ(d+) =
(
d+ d¯−
)T
, Ψc(d−) =
(
d− d¯+
)T
. (92)
In general the Yukawa couplings κ1i, κ5αi, κ2i and κ4αi are different of
zero and all quarks get their masses as happen in the SM and in the MSSM.
However, we know that the quarks s, t are heavier then the quark c, b and
the quark u is lighter than the quark d.
We can try to given an reasonable explanation about these mass hierarchy
in this model. In order to get this explanation we can suppose that the
Yukawa couplings O(κ11) = O(κ12) = O(κ21) = O(κ22) are much smaller
than the other Yukawa couplings that appear at mass matrices of the usual
quarks. This hypothesis means we are going to neglect the mixing between
the first and second familly with the first familly.
Under this supposition we can rewrite our mass matrices, given at Eqs.(80,88),
in the following way
Xu ≃ 1
3
(
κ511 κ521
κ512 κ522
)
u,
Xd ≃ 1
3
(
κ411 κ412
κ421 κ422
)
v (93)
We know from Eq.(58) that u > v then Eq.(93) explain why the quarks of
charge (2e)/3 are heavier than the quarks of charge (−e)/3.
By another way
mu =
1
3
κ13v
′, md =
1
3
κ23u
′, (94)
but, from Eq.(58) we notice that v′ ∼ u′ and if κ23 > κ13 we can explain why
d-quark is a little more heavier than u-quark.
There are another way to try to explain the mass hierarchy between the
fermions. If we look from Eqs.(48,80,88), it is easy to note that we can
prevent u, d, s and e from picking up tree-level masses. To get this result we
need to impose the following Z ′2 symmetry on the Lagrangian
d̂c2 −→ −d̂c2, d̂c3 −→ −d̂c3, ûc3 −→ −ûc3, l̂c3 −→ −l̂c3, (95)
the others superfields are even under this symmetry as showed at Ref. [42].
On this case, it was showed that under Z ′2 symmetry the heavy quarks c, b
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and t acquire mass at tree level while the light quarks (u, d, s) get their mass
at 1-loop level.
There is another intersting possibility to get u, d light. We can introduce
a new discrete T ′ flavor symmetry as done in [43].
6.5 Masses of Exotic quarks
For the J-quark type. There are interactions like
−
[
κ3
3
(
Q3χ
′Jc + Q¯3χ′J¯c
)]
, (96)
which imply one diagonalized state with the following mass
MmassJ = −
κ3
3
ω′
(
JJc + J¯ J¯c
)
. (97)
The another exotic quark j. There are interactions like
−
[
κ6αβ
3
(
Qαχj
c
β + Q¯αχj¯
c
β
)]
, (98)
which imply a general mixing in the j-quark sector. Denoting
ψ+j =
(
jc1 j
c
2
)T
, ψ−j =
(
j1 j2
)T
, (99)
where all the j-quarks fields are still Weyl spinors, we can also, define
Ψ±j =
(
ψ+j , ψ
−
j
)T
. We can define the mass term −(1/2)Ψ±Tj Y ±j Ψ±j + H.c.]
where Y ±j is given by:
Y ±j =
(
0 X tj
Xj 0
)
, (100)
with
Xj =
1
3
(
κ611w κ612w
κ621w κ622w
)
, (101)
where the values VEVs are defined in Eq.(20).
The j-quarks mass matrix is diagonalized using two rotation matrices, H
and I, defined by
j+α = Hαβψ
+
jβ
, j−α = Iαβψ
−
jβ
, α, β = 1, 2. (102)
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Then we can write the diagonal matrix (H and I are unitary) as
Mj = I
∗XjH−1. (103)
To determine I and H , we note that
M2j = HX
T
j XjH
−1 = I∗XjXTj (I
∗)−1. (104)
The masses of physical j are
Mj1 =
1
6
(
κ611 + κ622 +
√
(κ611 − κ622)2 + 4κ612κ621
)
w,
Mj2 =
1
6
(
κ611 + κ622 −
√
(κ611 − κ622)2 + 4κ612κ621
)
w. (105)
Notice that if κ612 is zero we get that
Mj1 =
κ611
3
w, and Mj2 =
κ622
3
w, (106)
therefore κ612 and κ621 can be both zero that both j1 and j2 are massive.
If we consider that O(κ3), O(κ611) and O(κ622) are the same order, for
example O ≃ 10−2 for example, it means from Eqs.(58,97,106) that J-quark
is heavier than j1,2 quarks and their masses are in TeV scale.
We define the following Dirac spinors
Ψ(j+) =
(
j+ j¯−
)T
, Ψc(j−) =
(
j− j¯+
)T
. (107)
6.6 The masses of Gluinos
It is well known gluinos are the supersymmetric partners of the gluons.
Therefore gluinos, as in the MSSM, are the color octet fermions in the model
and due the fact that the SU(3)c group is unbroken, it means the gluinos can
not mix with any others particles in the model, then they are already mass
eigenstates.
Their mass, is one of the soft parameter that break SUSY, can be written
as
Lgluinomass =
mg˜
2
¯˜gg˜ (108)
so that its mass at tree level is mg˜ = |mλc|, as denoted at Eq.(16) and
Refs. [8, 9], where
g˜a =
( −ıλaC
ıλaC
)
, a = 1, . . . , 8, (109)
is the Majorana four-spinor defining the physical gluinos states.
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6.7 Gauge Bosons masses
The gauge mass term is given by LscalarHHV V which we can divided in Lchargedmass
and Lneutralmass , see Refs. [8, 9].
The neutral gauge boson mass is given by
Lneutralmass =
(
V3m V8m Vm
)
M2
 V
m
3
V m8
V m
 , (110)
where
M2 =
g2
2

(v2 + u2) 1√
3
(v2 − u2) −2tu2
1√
3
(v2 − u2) 1
3
(v2 + u2 + 4w2) 2t√
3
(u2 + 2w2)
−2tu2 2t√
3
(u2 + 2w2) 4t2(u2 + w2)
 , (111)
with t = g′/g.
In the approximation that w2 ≫ v2, u2, the masses of the neutral gauge
bosons are: 0, M2Z and M
2
Z′, and the masses are given by
M2Z ≈
1
4
g2 + 4g′2
g2 + 3g′2
(v2η + v
2
ρ + v
2
η′ + v
2
ρ′), M
2
Z′ ≈
1
3
(g2 + 3g′2)(v2χ + v
2
χ′). (112)
The charged gauge boson mass term, Lneutralmass see Refs. [8, 9], can be
written as
Lchargedmass = M2WW−mW+m +M2V V −m V +m +M2UU−−m U++m, (113)
where
M2U =
g2
4
(v2ρ + v
2
χ + v
2
ρ′ + v
2
χ′),
M2W =
g2
4
(v2η + v
2
ρ + v
2
η′ + v
2
ρ′),
M2V =
g2
4
(v2η + v
2
χ + v
2
η′ + v
2
χ′). (114)
Comparing Eqs.(114,112) we can conclude
MZ′ > MU > MV > MZ > MW . (115)
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Using MW given in Eq.(114) and MZ in Eq.(112) we get the following
relation:
M2Z
M2W
=
1 + 4t2
1 + 3t2
=
1
1− sin2 θW , (116)
therefore we obtain
t2 =
sin2 θW
1− 4 sin2 θW . (117)
We want to mention that the gauge boson sector is exactly the same as in
the non-supersymmetric 3-3-1 model.
Using Eq.(58) in Eqs.(112,114) we get the following masses values for the
gauge bosons
MU = 734, 63 GeV, MV = 730, 28 GeV, MW = 80, 40GeV,
MZ = 91, 3 GeV, MZ′ = 2698, 94 GeV. (118)
These values satisfy the Eq.(115) and MW and MZ are in agreement with
the experimental limits. The lower limit in Z ′ boson is MZ′ > 822 GeV [44]
and our mass is in agreement with this experimental limit.
7 Conclusions
In this paper we have presented new R-symmetry for the minimal supersym-
metric SU(3)C ⊗ SU(3)L ⊗ U(1)X model and studied all the spectrum from
the fermion’s sector and gauged’s boson sector of this model. We also show
that some of the new state as χ˜±±1...4, χ˜
±±
1...7, χ˜
0
1±9, j1 and J can be discovered
by LHC or same ILC, if they really exist.
The new R-parity not only provides a simple mechanism for the mass
generation of the neutrinos but also gives some lepton flavor violating inter-
actions at the tree level. This will play some important phenomenology in our
model such as the proton’s stability, forbiddance of the neutron-antineutron
oscillation and neutrinoless double beta decay.
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A Lagrangian
The goal of this Appendix is to present all terms in the lagrangian of the
model, which we have used in this work.
A.1 Lepton Lagrangian
In the LLepton term can be written as [23]
LLe´pton = LllV + Ll˜l˜V + Lll˜V˜ + Ll˜l˜V V + Lleptonscin + LleptonsF + LleptonsD ,
(119)
where
LllV = g
2
L¯σ¯mλaLV am; Ll˜l˜V = −
ig
2
[
L˜λa∂m ¯˜L− ¯˜Lλa∂mL˜
]
V am,
Lll˜V˜ = −
ig√
2
(L¯λaL˜λ¯aA − ¯˜LλaLλaA); Ll˜l˜V V =
g2
4
V amV
bm ¯˜LλaλbL˜,
Lleptonscin = L˜∂2L˜∗ − iLσm∂mL¯; ∂2 = ∂m∂m,
LleptonsF = |FL|2;
LleptonsD =
g
2
¯˜LλaL˜Da.
(120)
A.2 Quark Lagrangian
As above we can write to the quarks
LqqV = gs
2
(Q¯iσ¯
mλaQi − u¯ci σ¯mλ∗auci − d¯ci σ¯mλ∗adci − J¯ci σ¯mλ∗aJci )gam
+
g
2
(Q¯3σ¯
mλaQ3 − Q¯ασ¯mλ∗aQα)V am
+
g′
2
(
2
3
Q¯3σ¯
mQ3 − 1
3
Q¯ασ¯
mQα − 2
3
u¯ci σ¯
muci +
1
3
d¯ci σ¯
mdci −
5
3
J¯cσ¯mJc +
4
3
j¯cβσ¯
mjcβ
)
Vm,
Lq˜q˜V = −igs
2
[
(Q˜iλ
a∂m ¯˜Qi − ¯˜Qiλa∂mQ˜i − u˜ciλ∗a∂m ¯˜uci + ¯˜uciλ∗a∂mu˜ci
− d˜ciλ∗a∂m¯˜d
c
i +
¯˜
d
c
iλ
∗a∂md˜ci − J˜ci λ∗a∂m ¯˜J
c
i +
¯˜J
c
iλ
∗a∂mJ˜ci )g
a
m
]
− ig
2
(Q˜3λ
a∂m ¯˜Q3 − ¯˜Q3λa∂mQ˜3 − Q˜αλ∗a∂m ¯˜Qα + ¯˜Qαλ∗a∂mQ˜α)V am
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− ig
′
2
[
2
3
(Q˜3∂
m ¯˜Q3 − ¯˜Q3∂mQ˜3)−
1
3
(Q˜α∂
m ¯˜Qα − ¯˜Qα∂mQ˜α)−
2
3
(u˜ci∂
m ¯˜u
c
i − ¯˜uci∂mu˜ci)
+
1
3
(d˜ci∂
m¯˜d
c
i − ¯˜d
c
i∂
md˜ci)−
5
3
(J˜c∂m ¯˜J
c − ¯˜Jc∂mJ˜c) + 4
3
(j˜cβ∂
m¯˜j
c
β − ¯˜j
c
β∂
mj˜cβ)
]
Vm,
Lqq˜V˜ =
−igs√
2
[
(Q¯iλ
aQ˜i − u¯ciλ∗au˜ci − d¯ciλ∗ad˜ci − J¯ci λ∗aJ˜ci )λ¯ac
− ( ¯˜QiλaQi − ¯˜uciλ∗auci − ¯˜d
c
iλ
∗adci − ¯˜J
c
iλ
∗aJci )λ
a
c
]
− ig√
2
[
(Q¯3λ
aQ˜3 − Q¯αλ∗aQ˜α)λ¯aA − ( ¯˜Q3λaQ3 − ¯˜Qαλ∗aQα)λaA
]
− ig
′
√
2
[(
2
3
Q¯3Q˜3 − 1
3
Q¯αQ˜α − 2
3
u¯ci u˜
c
i +
1
3
d¯ci d˜
c
i −
5
3
J¯cJ˜c +
4
3
j¯cβ j˜
c
β
)
λ¯B
−
(
2
3
¯˜Q3Q3 −
1
3
¯˜QαQα −
2
3
¯˜u
c
iu
c
i +
1
3
¯˜
d
c
id
c
i −
5
3
¯˜J
c
Jc +
4
3
¯˜j
c
βj
c
β
)
λB
]
,
Lq˜q˜V V = −1
4
[
g2s(
¯˜Qiλ
aλbQ˜i + ¯˜u
c
iλ
∗aλ∗bu˜ci +
¯˜d
c
iλ
∗aλ∗bd˜ci +
¯˜J
c
iλ
∗aλ∗bJ˜ci )g
a
mg
bm
]
− 1
4
[
g2( ¯˜Q3λ
aλbQ˜3 +
¯˜Qαλ
∗aλ∗bQ˜α)
]
V amV
bm − 1
2
[
gsg(
¯˜Q3λ
aλbQ˜3 +
¯˜Qαλ
aλ∗bQ˜α)
]
gamV
bm
− 1
2
gsg
′
[
2
3
¯˜Q3λ
aQ˜3 − 1
3
¯˜Qαλ
aQ˜α +
2
3
¯˜u
c
iλ
∗au˜ci −
1
3
¯˜
d
c
iλ
∗ad˜ci +
5
3
¯˜J
c
λ∗aJ˜c
− 4
3
¯˜j
c
βλ
∗aj˜cβ
]
gamVm − 1
2
gg′
[
2
3
¯˜Q3λ
aQ˜3 +
1
3
¯˜Qαλ
∗aQ˜α
]
V amVm
− 1
4
g′2
[
4
9
( ¯˜Q3Q˜3 + ¯˜u
c
i u˜
c
i) +
1
9
( ¯˜QαQ˜α +
¯˜d
c
i d˜
c
i) +
25
9
¯˜J
c
J˜c +
16
9
¯˜j
c
β j˜
c
β
]
V mVm.
Lquarkcin = Q˜i∂2Q˜∗i + u˜ci∂2u˜c∗i + d˜ci∂2d˜c∗i + J˜ci ∂2J˜c∗i − iQiσm∂mQ¯i − iuciσm∂mu¯ci
− idciσm∂md¯ci − iJci σm∂mJ¯ci ,
LquarkF = |FQi|2 + |Fui|2 + |Fdi |2 + |FJi|2,
LquarkD =
gs
2
( ¯˜Qiλ
aQ˜i − ¯˜uciλ∗au˜ci − ¯˜d
c
iλ
∗ad˜ci − ¯˜J
c
iλ
∗aJ˜ci )D
a
c +
g
2
( ¯˜Q3λaQ˜3 − ¯˜Qαλ∗aQ˜α)Da
+
g′
2
[
2
3
¯˜Q3Q˜3 −
1
3
¯˜QαQ˜α −
2
3
¯˜u
c
i u˜
c
i +
1
3
¯˜d
c
i d˜
c
i −
5
3
¯˜J
c
J˜c +
4
3
¯˜j
c
β j˜
c
β
]
D.
(121)
A.3 Scalar Lagrangian
LEscalarF = |Fη|2 + |Fρ|2 + |Fχ|2 + |Fη′ |2 + |Fρ′ |2 + |Fχ′|2,
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LEscalarD =
g
2
[η¯λaη + ρ¯λaρ+ χ¯λaχ + η¯′λ∗aη′ − ρ¯′λ∗aρ′ − χ¯′λ∗aχ′]Da
+
g′
2
[ρ¯ρ− χ¯χ− ρ¯′ρ′ + χ¯′χ′]D,
LHiggs = (Dmη)†(Dmη) + (Dmρ)†(Dmρ) + (Dmχ)†(Dmχ) + (Dmη′)†(Dmη′)
+ (Dmρ′)†(Dmρ′) + (Dmχ′)†(Dmχ′)],
LHiggsinos = i¯˜ησ¯mDmη˜ + i¯˜ρσ¯mDmρ˜+ i¯˜χσ¯mDmχ˜+ i¯˜η′σ¯mDmη˜′ + i¯˜ρ′σ¯mDmρ˜′ + i¯˜χ′σ¯mDmχ˜′],
LHH˜V˜ = −
ig√
2
[
¯˜ηλaηλ¯aA − η¯λaη˜λaA + ¯˜ρλaρλ¯aA − ρ¯λaρ˜λaA + ¯˜χλaχλ¯aA − χ¯λaχ˜λaA + ¯˜η′λ∗aη′λ¯aA
+ η¯′λ∗aη˜′λaA − ¯˜ρ′λ∗aρ′λ¯aA + ρ¯′λ∗aρ˜′λaA − ¯˜χ′λ∗aχ′λ¯aA + χ¯′λ∗aχ˜′λaA
]
− ig
′
√
2
[
¯˜ρρλ¯B − ρ¯ρ˜λB − ¯˜χχλ¯B + χ¯χ˜λB − ¯˜ρ′ρ′λ¯B + ρ¯′ρ˜′λB + ¯˜χ′χ′λ¯B − χ¯′χ˜′λB
]
,
(122)
where the covariant derivative of SU(3) are given by:
Dmφi = ∂mφi − ig
~Vm.~λ
2
j
i
φj − ig′NφiVmφi,
Dmφi = ∂mφi − ig
~Vm.~λ
2
j
i
φj − ig′NφiVmφi, (123)
A.4 Gauge Lagrangian
Now we are dealing with LGauge that can be expanded as
LGauge = Ldc + LgaugeD . (124)
where
LgaugeD =
1
2
DaCD
a
C +
1
2
DaDa +
1
2
DD,
Ldc = −1
4
(GamnGamn +W
amnW amn + F
mnFmn)
− ı
(
λ¯aC σ¯
nDCn λaC + λ¯aAσ¯nDLnλaA + λ¯Bσ¯n∂nλB
)
, (125)
with
Gamn = ∂mg
a
n − ∂ngam − gfabcgbmgcn,
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W amn = ∂mV
a
n − ∂nV am − gfabcV bmV cn ,
Bmn = ∂mVn − ∂nVm,
DCn λaC = ∂nλaC − gsfabcgbmλcC ,
DLnλaA = ∂nλaA − gfabcV bmλcA, (126)
fabc are the constant structure of SU(3) gauge group.
A.5 Superpotential Lagrangian
W2 = LW2F + Lη˜L + LHMT ,
W3 = LW3F + Llll˜ + LllH + Lll˜H˜ + LlH˜H + Ll˜HH + LHH˜H˜ + LqqH + Lqq˜H˜
+ Llqq˜ + Ll˜qq˜ + Lqqq˜, (127)
As componentes de cada lagrangiana sa˜o escritas como
LW2F =
µ0
2
(
L˜Fη′ + η
′FL
)
+
µη
2
(ηFη′ + η
′Fη) +
µρ
2
(ρFρ′ + ρ
′Fρ) +
µχ
2
(χFχ′ + χ
′Fχ) ,
Lη˜L = −µ0
2
Lη˜′; LHMT = −µη
2
η˜iη˜
′
i −
µρ
2
ρ˜iρ˜
′
i −
µχ
2
χ˜iχ˜
′
i,
LF = 1
3
[3λ1ǫFLL˜L˜+ λ2ǫ(2FLη + FηL˜)L˜+ f1ǫ(Fρχη + ρFχη + ρχFη)
+ f ′1ǫ(Fρ′χ
′η′ + ρ′Fχ′η′ + ρ′χ′Fη′) + κ1(FQ1η
′u˜ci + Q˜1Fη′ u˜
c
i + Q˜1η
′Fui)
+ κ2(FQ1ρ
′d˜ci + Q˜1Fρ′ d˜
c
i + Q˜1ρ
′Fdi) + κ3(FQ1χ
′J˜c + Q˜1Fχ′ J˜c + Q˜1χ′FJ)
+ κ4(FQαηd˜
c
i + Q˜αFηd˜
c
i + Q˜αηFdi) + κ5(FQαρu˜
c
i + Q˜αFρu˜
c
i + Q˜αρFui)
+ κ6(FQαχj˜
c
β + Q˜αFχj˜
c
β + Q˜αχFjβ) + κ7(FQαL˜d˜
c
i + Q˜αFLd˜
c
i + Q˜αL˜Fdi)
+ ξ1(2Fdi d˜
c
ju˜
c
k + d˜
c
i d˜
c
jFuk) + ξ2(2Fuiu˜
c
j j˜
c
β + u˜
c
i u˜
c
jFjβ)
+ ξ3(Fdi J˜
cj˜cβ + d˜
c
iFJ j˜
c
β + d˜
c
i J˜
cFjβ) + λ4ǫ(FLχρ+ L˜Fχρ+ L˜χFρ)],
Llll˜ = −
λ1
3
ǫ(LLL˜+ L˜LL+ LL˜L); LllH = −1
3
λ2ǫLLη,
Lll˜H˜ = −
1
3
λ2ǫ(L˜Lη˜ + LL˜η˜); LlH˜H = −
λ4
3
ǫ(Lχ˜ρ+ Lχρ˜),
LHH˜H˜ = −
1
3
[f1ǫ(ρ˜χ˜η + ρχ˜η˜ + ρ˜χη˜) + f
′
1ǫ(ρ˜
′χ˜′η′ + ρ′χ˜′η˜′ + ρ˜′χ′η˜′)],
LqqH = −1
3
[κ1Q1η
′uci + κ2Q1ρ
′dci + κ3Q1χ
′Jc + κ4Qαηdci + κ5Qαρu
c
i + κ6Qαχj
c
β],
Lqq˜H˜ = −
1
3
[κ1(Q1u˜
c
i + Q˜1u
c
i)η˜
′ + κ2(Q1d˜
c
i + Q˜1d
c
i)ρ˜
′ + κ3(Q1J˜
c + Q˜1J
c)χ˜′
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+ κ4(Qαd˜
c
i + Q˜αd
c
i)η˜ + κ5(Qαu˜
c
i + Q˜αu
c
i)ρ˜+ κ6(Qαj˜
c
β + Q˜αj
c
β)χ˜],
Llqq˜ = −κ7
3
(Qαd˜
c
i + Q˜αd
c
i)L; Ll˜qq = −
κ7
3
QαL˜d
c
i , Ll˜HH = −
λ4
3
L˜χρ,
Lqqq˜ = −1
3
[ξ1(d
c
id
c
j u˜
c
k + d˜
c
id
c
ju
c
k + d
c
i d˜
c
ju
c
k) + ξ2(u
c
iu
c
j j˜
c
β + u˜
c
iu
c
jj
c
β + u
c
i u˜
c
jj
c
β)
+ ξ3(d
c
iJ
cj˜cβ + d˜
c
iJ
cjcβ + d
c
i J˜
cjcβ)].
(128)
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Vertex coupling constant/e
γW+W− 1
ZW+W− 1/tW
γV +V − 1
ZV +V − −(1 + 2s2W )/ sin 2θW
γU++U−− 2
ZU++U−− (1− 4s2W )/ sin 2θW
Z ′V +V − −
√
3(1− 4s2W )/ sin 2θW
Z ′U++U−− −
√
3(1− 4s2W )/ sin 2θW
U−−V +W+ 1/(
√
2 sW )
U++W−V − 1/(
√
2 sW )
W+µ W
−
ν W
+
α W
−
β Sµα,νβ
V +µ V
−
ν V
+
α V
−
β Sµα,νβ
U++µ U
−−
ν U
++
α U
−−
β Sµα,νβ
W+µ W
−
ν V
+
α V
−
β Sµβ,να/2
W+µ W
−
ν U
++
α U
−−
β Sµα,νβ/2
V +µ V
−
ν U
++
α U
−−
β Sµα,νβ/2
γµγνW
+
α W
−
β −s2WSµν,αβ
γµγνV
+
α V
−
β −s2WSµν,αβ
γµγνU
++
α U
−−
β −4s2WSµν,αβ
ZµZνW
+
α W
−
β −c2WSµν,αβ
ZµZνV
+
α V
−
β −(cW − 3sW tW )2Sµν,αβ/4
ZµZνU
++
α U
−−
β −(cW − 3sW tW )2Sµν,αβ/4
Z ′µZ
′
νV
+
α V
−
β −3(1 − 3t2W )Sµν,αβ/4
Z ′µZ
′
νU
++
α U
−−
β −3(1 − 3t2W )Sµν,αβ/4
γµZνW
+
α W
−
β −cW sWSµν,αβ
γµZνV
+
α V
−
β sW (cW + 3sW tW )Sµν,αβ/2
γµZνU
++
α U
−−
β −sW (cW − 3sW tW )Sµν,αβ
γµZ
′
νV
+
α V
−
β sW
√
(3− 9t2W )Sµν,αβ/2
γµZ
′
νU
++
α U
−−
β sW
√
(3− 9t2W )Sµν,αβ
ZµZ
′
νV
+
α V
−
β −(cW + 3sW tW )
√
(3− 9t2W )Sµν,αβ/4
ZµZ
′
νU
++
α U
−−
β (cW − 3sW tW )
√
(3− 9t2W )Sµν,αβ/4
Z ′µW
+
ν V
+
α U
−−
β
√
6(1− 3t2W )Sµν,αβ/4
γµW
+
ν V
+
α U
−−
β 3sWVµναβ/
√
2
ZµW
+
ν V
+
α U
−−
β 3 (sW tWSµν,αβ + cWUµβνα) /(2
√
2)
Table 3: Trilinear and Quartic couplings in the MSUSY33139
